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2p-Q-14 

Reduced dislocation densities in selectively- grown nitride 
materials 

CRL, Hitachi Ltd., T, Tanaka, S. Aoki, S. Kawanaka 

IntJ^odactjjan Due to the advancement of a crystal growth 
technique, device characteristics of a nitride optical de- 
vice has been improved* However , a high dislocation density 
in nitride crystal affects device characteristics, which re- 
sults in diffusion 1 1 of an electrode material and an in- 
crease 21 in scattering light loss. The reduction in location 
density is important for a long-term stable operation of a 
device, and there has been a demand for a procedure which 
enables the location density to be reduced. In the present 
report, formation of a crystal region with a low dislocation 
density by a selective growth technique will be described, 
and it is suggested that such formation is applied to a 
waveguide structure of an optical device. 

Method _a nd_Result A SiO* insulating film pattern was provid- 
ed on a sapphire substrate, and a 3, sample in which GaN 
crystal is selectively grown by a MOVPE method was evaluated. 
Figure 1 shows a plane TEM image of GaN crystal in a 
boundary region between the substrate and the Si0 2 pattern. 
A dislocation density of GaN crystal on the substrate is 10* 
to lO 10 cm" 2 , whereas a dislocation density on the SiO a pat- 
tern is reduced to 10 5 to 10 6 cm" 2 . It is considered that 
the GaN crystal region with low dislocation is obtained for 
th following reasons i . GaN crystal is grown in a lateral 

1 
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direction on the SiO a pattern and dislocation is unlikely to 
enter in a lateral direction. Based on this result, the 
following study was conducted: GaN crystal was selectively 
grown in a lateral direction on the narrow siO a stripe, and 
the GaN crystal was combined. Figure 2 shows a cross- 
sectional TBM image of the GaN crystal formed on the Si0 2 
pattern. On the Si0 3 pattern, a high-quality GaN crystal 
region is obtained, in which dislocation does not enter in a 
lateral direction and dislocation is not newly generated . 
If the selective growth technique of the present procedure 
is applied, It is expected that a waveguide structure made 
of a nitride crystal region with a low dislocation density 
can be designed by controlling a pattern width and a shape 
of the insulating film. 

1) M. Osinski et al., Appl. Phys. Lett. 69,898 (1996) 

2) Z.L. Liau et al. , Appl. Phys. Lett. 69,1665 (1996) 

3) Tanaka et al., Extended Abstract 1, 27p-ZE-l4 of The 
Japan Society of Applied Physics (1995) 
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Thick GaN crystal growth with low defect density by hy- 
dridevapor phase epitaxy 

NEC Corp. Optoelectronics and High Frequency Device Res. 
Labs . , Fundamental Res • Labs . 

H.Sunakawa, C.Sasaoka, A.Kimura, A.Sakai, A. A. Yamaguohl, and 
A.Usui 

[Introduction] It has been attempted that GaN bulk crystal 
is grown by utilizing characteristics of a high growth rate 
of hydride VPS (HVPE) 11 . However, sinae sapphire which has 
different lattice constant and coefficient of thermal expan- 
sion is used for a substrate, cracks are formed when a film 
thickness is increased, which makes it difficult to obtain 
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uniform crystal in a large area. The present report will 
describe that by using selective growth, GaN bulk crystal 
with a defect density lowered by two orders of magnitude 
compared with a conventional example can be grown on a two- 
inch sapphire substrate without any cracks. 

[Experiment and Result] For selective growth, a wafer was 
used, in which a stripe-shaped window is formed by using 
SiO a on GaN grown on a sapphire C- plane by an MOVPE method. 
The stripe direction was [11-20] 0 f GaN, and a mask width 
was 2 to 4 tun. Furthermore, stripes were formed over the 
entire growth surface with a pitch of 7 pnw A growth tem- 
perature of HVPE was 1000° C, and a growth rate was 45 to 52 
pm/hr. Figures (a) f {b), and (o) show SEM photographs of 
GaN grown for 2.5, 10, and 20 minutes, respectively. in 
this growth, first, as shown in Figure (a), a triangle facet 
structure made of (1-101) plane is formed. When growth pro- 
ceeds, as shown in Figure (b), selectively grown portions 
were combined, and a completely flat GaN surface appeared 
with a film thickness of about 19 pm as shown in Figure (e). 
According to ordinary HVPE, cracks were generated from the 
interface between the GaN and the substrate when a film 
thickness was 8 jim. However, according to the present pro- 
cedure, cracks were not generated even when GaN was grown to 
a thickness of 320 pm on a two-inch substrate. Furthermore, 
it was found that a dislocation density was decreased by 
about two orders of magnitude (6 x 10 7 cnf*) a, # compared with 
GaN on ordinary sapphire. Improvement of characteristics 
can be expected by growing a device structure on the GaN 
crystal. 

1) K. Naniwae et al, , J. Cryst. Growth 99(1990)381 

2 ) Sakai et al . t Extended Abstract of the Japan Society of 
Applied Physics 
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